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Introduction
The extraction and usage of petroleum products as energy sources the world over has led to a widespread pollution of the bioshpere. About 6-10 million barrels of crude oil enter the aquatic environment yearly [1] . The control of such pollution problems in the aquatic environment is very difficult because of the large number of input sources and their geographic dispersions. Contrary to popular views, evidence is accumulating to buttress the fact that petroleum hydrocarbon mixes with water and penetrates to the underlying sediments [2, 3, 4] . The resultant effects of the above are a change in desirable portable water characteristics [5] ;impaired growth of marine organisms which depend basically on the quantity and quality of the primary production of phytoplankton, fish, crustaceans and molluscs acquire objectionable odour or falvour, thereby causing a reduction in their marketability and acceptance as food [6, 7] . Death of the fauna and flora from oil spills is common place in the Niger Delta region of Nigeria where the most intensive oil exploration, exploitation and refining occur [8] . Besides, oil contamination of coastal amenities has adverse effects on tourism, recreation and aesthetics of the impacted area. This effect can be substantial on a community whose economy depends on tourism.
Mudskipper (Periophthalmus papillio) and Periwinkles (Tympanotonus fuscatus var. radula) are of economic importance to the natives in the Niger Delta. Periwinkles are rich in protein (21.04%) and carbohydrates and are gathered daily for food [9] . Their nutritional values compare favourably with those of domestic livestock and fish [7] . Like all other intertidal organisms musdskipper and periwinkles are very vulnerable to oil pollution because their habit are susceptible to coating with oil and may be smothered in the event of heavy oil drifting ashore. The creek and its environs bearing the flow station facilities play important role in the economic well being of the natives of the area as they ferment cassava into raw 'fufu' (locally made starchy food) from dug out holes on the mudflats of the area and fishing operations that is being carried out on a daily basis.
The aim of this research was to provide information on the total hydrocarbon status of the surface waters, sediments and biota (periwinkle and mudskipper) of the area.
Study area
The area is a mangrove wetland with lots of creeks and creeklets that links up to the lower reaches of the New Calablar River. The creeks are characterized by high seawater inflow and low freshwater input from runoffs of domestic wastewater, adjoining farmlands and forest and intense oil exploration and exploitation activities. Five sampling stations were chosen within the study area as indicated in Fig.1 .
Figure 1. Map of the study area showing sampling stations
Station A (SSA-reference) was an area without any industrial activities, except local fishing, periwinkle picking, etc. Station B (SSB) was an extension of the main creek (wherein the flow station was located) that leads to farmlands and where fermentation of cassava on the mangrove mudflats of the area was carried out. Station C (SSC) was the flow station that bears crude oil production facilities. There was also a nearby oil wellhead. Station D (SSD) was along a navigational route for barges and outboard and inboard engine boats. It had an oil wellhead. Station E (SSE) was a highly disturbed area by a recent oil and gas blow out from the oil wellhead. Most of the mangrove trees were destroyed. There was also an intense surface water runoff from the adjourning farmlands and forest.
Materials and Methods
Water and sediment samples were collected by the method of [10] , while periwinkles (3.0 ± 0.5cm mean length) and mudskippers (3.5 ± 0.5cm mean length) were collected according to [7 and 11] , respectively. Each sample was concurrently collected in triplicates from each station bi-monthly between November, 2001 and October, 2002.
In the laboratory (Institute of Pollution Studies Rivers State University of Science and Technology Port Harcourt) the sediment samples were air dried for four days, while the periwinkle and fish samples were frozen. Frozen samples were later thawed and the whole muscle tissues of the periwinkles were chucked out from the shells. The muscle tissues of the mudskippers were dissected out. Samples were dried on aluminum foil by heating in an oven at 50 o C for 48hours to constant weight. Heat treatment had the advantage of preserving the tissue for longer period. Besides it simulates the process they undergo before consumption in the Niger Delta area [7] .
Tissue samples were ground in a teflon mortar, while the sediment samples were macerated and then sieved through a 1µm sieve for total hydrocarbon (THC) determination. 5.0g each of the sieved samples were later extracted with two 25.0ml portions of toluene. The sieved samples were shaken on a Stuart flask shaker for 10 mins. The extracts were later filtered into 50.0ml flasks and made up to the 50.0ml mark with toluene. Total hydrocarbon from the water samples were extracted with 30ml toluene for three consecutive times and later made up to 100ml. The absorbances of the filtrates were measured spectrophotometrically at 420nm with a Spectrophotometer 21D [12 and 13] . The concentration calculated from the calibration graph on dry weight basis. Appropriate blanks were run throughout the procedure.
Data were analysed by a multivariate analysis of variance and means reported by Duncan's Multiple Range Test (DMRT). The THC periwinkles and fish tissues were correlated with that in surface water and sediment [14] . The level of significance was set at 95% and 99%, respectively.
Results
The total hydrocarbon content of all the media differed in the sampling period and sites ( Table 1. ; Figs. 2. and 3. ). The trend of concentrations from all the media deferred significantly (P<0.05), thus periwinkle > sediment > mudskipper > surface water, while that of the stations was SSE>SSC>SSD>SSB>SSA (Fig. 4. ) and the seasonal variation was: dry > wet season ( Fig. 5.) , except in the mudskipper muscles. In all the months of the study (November 2001 -October 2002) the levels of THC were higher (P<0.05) in the periwinkle tissues than the other media ( Fig. 4.) . The monthly trend of all the metal levels in all the media within the study period was March=Jan>May=Nov> July>November= September ( Fig. 3.) . Linear relationship analyses in the levels of THC between the biota (periwinkles and mudskippers) and their exposure media -surface water and sediment were all significant (P<0.01 0.46 ). The various bioaccumulation and correlation factors are as shown in Table 2 . and Fig. 6 . 
Figure 6. Relationship of the THC levels between the biota and the exposure media (Sediment and Surface water) of this study

Discussion
Generally, higher total hydrocarbon concentrations were recorded in stations that have oil formations than those without oil formations. However, the high recorded in SSB, without formation, may imply input result from other sources like domestic wastes, discharge of sewage, drifts from polluted areas and other activities [15] . The level of THC contamination decreased significantly (P<0.05) between stations with wellheads and those without, possibly due to dilution effects which may have gradually lowered the level of total hydrocarbons from the inception of the sampling period (November 2001) when there was increase of oil activities within the study area to the end of the sampling period (October 2002). In addition, various chemical, physical and biological processes that are known to degrade petroleum hydrocarbon in water may undoubtedly have contributed to the general decrease in the hydrocarbon levels observed. THC levels in the dry season were higher than in the rainy season for the stations with wellheads contrary to the observations of some authors [16, 11 and 17] . However, in the non-oil formation stations (SSA and SSB), higher levels were recorded in the rainy season than in the dry season. The oil must have been washed into the river from land based sources during the rainy season in these stations, besides increased water current and wave action, which may largely disturb the sediment with the concomitant resurfacing of the previously leached hydrocarbon into the sediment [17] . It has been remarked that high temperatures and high rates of microbial activities are known to cause rapid degradation of petroleum hydrocarbons released into tropical environment [16] .
The regression analysis indicates that the biota accumulated THC from their immediate environment. For instance from the regression equation, a unit increase of THC in the surface water of the study area will add 11.6 and 5.6 units of THC into the periwinkle tissues and mudskipper muscles respectively. This is also shown in the respective bioaccumulation factors. By implication both organisms (though the periwinkles were better off) were good accumulators and indicators of pollutants in effluents and other wastes in the river system. Again the sediment loads of THC all through the sampling periods and sites were consistently higher than that of the surface water indicating that it was a better indicator of pollution in the river system even after the sources of pollution has been removed.
High hydrocarbon content causes oxygen deterioration by reduction in gaseous diffusion through the surface film of oil with far reaching implications for the flora and fauna of the affected area [18] . The presence of oil on the mangrove floor as was observed in sample stations C and E for instance will encumber the decay process of the litters from mangroves, which ordinarily enhance the accumulation of organic matter. Also, oiling of the mangrove system may also lead to leaf loss or complete defoliation of the characteristic Rhizophora and Avicenma ssp mangrove seedlings in the affected areas [19] as was observed in station E. Shriveling, occupying-up of leaves, arrested expansion of buds and some degrees of foliar necrosis have also been identified as a mark of stress of a mangrove system plagued with petroleum hydrocarbons [12] . In a related field reconnaissance survey an abysmal decimation of juvenile red mangrove by oil spillage was observed along the Nembe axis of Niger Delta resulting from either short or long time exposure of the flora to toxic effects of the petroleum hydrocarbons [18] . It has also been noted that the growth of organisms that depend basically on primary producers (phytoplanktons and algae) and zooplanktons were always adversely affected under such conditions [6 and 20] .
In the light of the forgoing the high mean surface water and sediment load of THC for stations C and E suggest that normal functioning of feeding, respiration and movement of benthic organisms may be adversely affected. Besides the levels in the T. fuscatus and P. papillio can have some health-risk implications in man who is the final consumer. The national permissible limit of total hydrocarbon/oil grease for inland water is 10mg/l [21] , while the WHO permissible level of THC in seafood is 0.001µg/g [22] . This indicates that the study area was generally contaminated with petroleum hydrocarbon and the continuous consumption of seafood from the area may pose a public health hazard. However, the THC levels in the study area, was similar to that in other studies in the Niger Delta by [11] : surface water -42.05mg/l and sediment -184.89µg/g; [20] surface water -149mg/l, sediment -339.2µg/g and biota -196.9µg/g and [23] sediment -528.25µg/g.
The variation in the pattern of the total hydrocarbon within the study area suggests that most of the hydrocarbons in sediment, water and biota were of anthropogenic origin. The lower levels in the reference station A and at least station B suggest that these were the concentrations generally present in this area and anthropogenic source may have added to the aquatic media burden of total hydrocarbon in the environment. Moreover the FMENV's maximum discharge limit of 10mg/l THC/oil and grease into inland waters is less than the mean value in this study. This finding corroborates that of the World Bank [24] report that of all the 5,500 tons of hazardous wastes produced per year in Rivers State, the petroleum Industry, including the refineries generates most of them. There is therefore the need to develop management plan to ensure that petroleum hydrocarbon contamination of the area is prevented in order to achieve good aquatic life water quality and avoid any possible negative health out-break through consumption of contaminated marine resources by the local communities.
